Single crystal Y3Fe5O12 (YIG) lm was grown onto (111) oriented gadolinium gallium garnet (GGG) substrate by the liquid phase epitaxy (PLD) technique. The X-ray diraction measurements showed that epitaxial growth of the lm along its (111) axis. The surface characteristic was investigated by atomic force microscopy (AFM) measurement. The magnetic eld sensor consisted of a rectangular shape with 5 mm wide, 15 mm long and 5 µm thick YIG lm and a pair of identical 50 µm wide microstrip copper transducers elements separated by 6 mm. The lter was tested by measuring reection S11 characteristic at various bias magnetic elds. The results have showed that when the bias eld increased from 0 to 2.5 kOe, the frequency value corresponding to S11 maxima increased from 1 GHz to 9 GHz. This suggests that the wide range magnetic eld sensing and the highly sensitive eld sensing are simultaneously fullled with the YIG lm.
Introduction
Recent advances in nanofabrication technology have resulted in the development of novel micro-and nanostructured materials with tunable magnetic properties and submicron-and nano-scale components of magnetic devices. Magnetic nanostructures have great potential for applications in modern technologies such as information storage, biomedicine and microwave and magnetic eld sensing. Signal processing devices based on magnetic nanostructures and controlled by magnetic elds provide an opportunity to use magnetostatic spin waves (MSW) as elementary information carriers. Recently, the researchers have shifted to the area of magnetic eld controlled devices in which MSW are used to store, carry and process information. This new research eld is growing exponentially. MSW have been known since discovered by Damon and Eshbach [1] in 1961 but, they began to be used in the eld of high-frequency microwave signal processing devices technology much later, mainly in connection with the discovery of YIG lms.
The yttrium iron garnet (YIG) lms based on MSW have been researched for decades because of their wide range of applications in the microwave, communication and magnetic detection areas such as delay lines, oscillators, lters, resonators, pulse separators, multi-channel and compressive receivers, core devices in many microwave generators and analyzers, phase shifters and tuners in phased array radar systems and magnetic eld sensors [24] . The main reason of attraction of YIG lms is that the low magnetic loss, narrow ferromagnetic resonance line width, moderate value of saturation magnetization and low coercivity which are favorable for microwave devices [2] . In addition, low damping in YIG lms allows spin-wave propagation to be observed over centimeter distances [3] . corresponding author; e-mail: selcuk.atalay@inonu.edu.tr Recently, it has been recognized that YIG lms could be designed as a highly sensitive magnetic eld sensor [4, 5] . Conventional magnetic eld sensors have been in use for well hundreds of years. But the technological applications of conventional magnetic eld sensors were limited due to the important consideration such as size, weight, sped, performance and cost. Today, the technology for sensing magnetic elds has also evolved driven by the need for improved sensitivity, smaller size, weight, speed, low noise, low cost and high frequency operating range up to gigahertz. In recent years, various dierent types of magnetic eld sensors based on MSW in YIG lms and their applications have been investigated. In the literature, many techniques have bee used for preparing YIG lms [6, 7] . Among them, it is generally accepted that Pulsed Laser Deposition (PLD) technique is a simple and eective way to prepare high quality lms of ferrite materials. Up to now, structural and magnetic properties, lm quality and technological applications of many YIG lms grown by PLD onto Gd 3 Ga 5 O 12 (GGG) substrates were investigated in detail [8, 9] .
In this study, structural and magnetic properties and magnetic eld sensor capacity of single crystal Y 3 Fe 5 O 12 (YIG) lm grown by PLD onto Gd 3 Ga 5 O 12 (GGG) substrates were investigated in detail. The designed sensor was tested by measuring reection characteristic at various bias magnetic elds.
Experimental
The YIG (Y 3 Fe 5 O 12 ) lm was prepared by the pulsed laser deposition (PLD) technique onto gadolinium gallium garnet (GGG) substrate. The deposited lm thickness was about 5 µm. The back side of the substrate was metalized and grounded. The magnetic eld sensor consist of a rectangular shape with 5 mm wide, 15 mm long and 5 µm thick YIG lm and a pair of identical 50 µm wide microstrip cooper transducers elements separated by 6 mm. The two ports of the transducers were connected to a vector network analyzer, which generates (937) the microwave excitation at one port and measures the transmission at the other port. A pair of electromagnets was used to generate the bias magnetic eld parallel to the lm surface and perpendicular to the direction of magnetostatic wave propagation. The magnetic sensor was tested by measuring S 11 reection characteristic at various magnetic elds. In S 11 measurements as a function of magnetic eld, the S 11 signal was normalized to the S 11 signal measured at H=0 Oe. 3 . Results and Discussion X-ray diraction measurement was used to investigate the structural property of the YIG lm grown on to GGG substrate. X-ray diraction spectrum showed that the growth was along the (111) direction. Nearly overlapped YIG (888) and GGG (888) peaks have showed that the lattice parameters of YIG lm and GGG substrate are very close to each other. The surface morphology and roughness of the lm have been studied by atomic force microscopy (AFM). Figure 1 (Fig. 1a and b) . The results have showed that the surface condition is smooth and the size of the grains is uniform. The root mean square (rms) value of the surface roughness is 1.4 nm which is in agreement with the literature values ranging from 0.2 to 7 nm [10] . Previous studies have showed that the coercive eld is a good indicator of the quality of PLD made YIG lms as a planar waveguide [4, 5] . The coercive eld was found to be 5.5 Oe which is small enough for prepared YIG lm to use as a waveguide. However, as can be seen in Fig. 2 , a step-like magnetization behavior was observed in hysteresis loop. The shape of hysteresis loop is in agreement with that of the liquid phase epitaxy (LPE) deposited YIG lms [11] . Shkar et al. [11] have concluded that the step-like behavior of magnetization curve of the lm is due to the domain walls moving stepwise with increasing external magnetic eld. In the absence of an applied magnetic eld, a ferrite specimen will subdivide into many small domains in which the direction of the moments alternates. By applying a DC magnetic eld the domains begins to rotate towards to eld direction. Due to the strong domain wall interaction, the rotation of domains is not continuous with increasing magnetic eld. As a consequence, a step-like behavior in magnetization loop was observed. Fig. 3 . The variation of return loss (S11) and the resonant frequency with applied magnetic eld.
As discussed above, the sensing element of the proposed sensor is YIG lm grown onto (111) oriented gadolinium gallium garnet (GGG) substrate by PLD technique. The back side of the substrate was metalized and grounded. The magnetic eld sensor consist of a rectangular shape with 5 mm wide, 15 mm long and 5 µm thick YIG lm and a pair of identical 50 µm wide microstrip cooper transducers elements separated by 6 mm. The two ports of the transducers were connected to a vector network analyzer, which generates the microwave excitation at one port and measures the transmission at the other port. In order to excite magnetostatic surface wave (MSSW), the biasing magnetic eld from an external electromagnet was applied parallel to the lm surface and perpendicular to the direction of magnetostatic wave propagation. The magnetic sensor was tested by measuring reection S 11 (return loss) characteristic at various magnetic elds. The measured return loss (S 11 ) charac-teristics are shown in Fig. 3ac for 477, 1677 and 2408 Oe magnetic elds respectively. The measured S 11 values are 3.6, 24 and 2.3 dB for 477, 1677 and 2408 Oe magnetic elds, respectively. The variation of peak frequency in a whole range of external magnetic eld was given in Fig. 3d . As can be seen, when the bias eld increased from 0 to 2.5 kOe, peak frequency increased from nearly 1 GHz to 9 GHz. This suggests that the wide range magnetic eld (0 to 2.5 kOe) sensing and the highly sensitive eld sensing simultaneously fullled with the YIG lm.
Conclusions
In order to excite magnetostatic surface wave (MSSW), the biasing magnetic eld was applied parallel to the lm surface and perpendicular to the direction of magnetostatic wave propagation. The lter was tested by measuring reection S 11 characteristic at various bias magnetic elds. The results have showed that when the bias eld increased from 0 to 2.5 kOe, the frequency value corresponding to S 11 maxima increased from 1 GHz to 9 GHz. This suggests that the wide range magnetic eld sensing and the highly sensitive eld sensing are simultaneously fullled with the YIG lm
